Introduction
The maintenance of tropical forests is important for regulating global and regional climates (Bonan 2008 , Houghton et al. 2000 , IGBP 1999 , Trivedi et al. 2009 ) and maintaining ecosystem services and other large scale functions , Kremen et al. 2000 , Naidoo et al. 2008 , Schroth & McNeely 2011 . Most work on the relationship between land cover and drivers of its change Published: January 03, 2012 & Lambin 2002 , Mertens et al. 2000 , Nagendra et al. 2003 , Turner II et al. 2001 . From this integrated research several factors have been identified as driving deforestation in tropical areas around the world including, increasing population density and urban expansion through in-migration; commercialization of timber and agricultural production and the growth of associated markets; policies that foster colonization of forested lands; increasing accessibility to markets through improved transportation; subsidies for unsustainable landbased activities; privatization of land or insecure land tenure; agricultural expansion and intensification; and a decreasing ascription of cultural value to forests.
During the same time period land change scientists also began uncovering evidence of forest maintenance and regrowth in deforested tropical areas (Poyatos et al. 2004 , Southworth & Tucker 2001 , Unruh et al. 2005 . On a global scale the socioeconomic drivers for forest recovery are diverse and include increasing demand for non-farm labor and associated out-migration; changes in market preferences towards products cultivated under intensive land use; increases in prices for non-timber forest products; changes in public policies such as logging bans and the establishment of protected areas; and increasing respect for sacred areas. The evidence of reforestation coupled with that of forest loss suggests that there are bidirectional changes in forest cover occurring throughout the tropics. The relationship between these bidirectional changes and their associated drivers can best be understood at a local or regional level as the impacts of the drivers on the landscape varies at these finer scales.
Land use/land cover change and associated drivers in the Yucatán Peninsula
There are several research groups working to understand the dynamics between changes in land cover and land use and drivers of change on the Yucatán Peninsula. The most extensive area of study in the region is the Calakmul Biosphere Reserve and surrounding areas located mostly in Campeche, the southwestern state in the Peninsula. Rueda (2010) determined in an analysis of land cover change that during the period from 1984-1993 the southern tip of the Yucatán Peninsula experienced major deforestation that can be linked to experimental agricultural development in the region and associated increases in the amount of communally held (ejido) lands and households. From 1993-2000 deforestation declined, although this trend varies sub-regionally. For example, in La Montaña a community in the buffer zone outside the biosphere an analysis of satellite imagery revealed an increase in annual deforestation rates from 0. 3% between 1988 3% between and 2000 3% between to 0.7% between 2000 3% between and 2005 3% between (PorterBolland et al. 2007 ).
The implementation of neoliberal policies and structural adjustment programs by the Mexican government during the 1990s are important drivers of changes in the Calakmul region. For example based on survey data from 1986-1997, Programa de Apoyos Directos al Campo (PRO-CAMPO), an agricultural program implemented in 1994 with the goal of integrating agricultural markets and intensifying production, revealed only modest increases in market production, but an increase in deforestation occurred through the conversion of land to commercial chili production and pastures (Klepeis & Vance 2003) . A study based on household surveys carried out in 1997 and 2003 found that similar land use choices were being made by some, although others were choosing to withdraw from agriculture all together and those who converted their land to pasture or commercial agriculture were using less land than previously devoted to extensive agricultural practices, resulting in a decrease in deforestation (Busch & Geoghegan 2010 , Radel et al. 2010 , Schmook & Radel 2008 . The increase in global environmentalism over the last 25 years has also led to the development of community-based conservation programs in the region, such as the Parks in Peril program and Empleo Temporal, which along with the enforcement of rules associated with the reserve seem to be contributing to a decline in deforestation (Rueda 2010 ).
Demographic and cultural drivers are also playing a role in land use choices in the southern portion of the peninsula. An important contributor to the decline in deforestation is a reduction in family labor due to out-migration and the resulting decrease of land in production (Busch & Geoghegan 2010 , Radel, et al. 2010 , Schmook & Radel 2008 . The relationship that people have with the land and their land use choices also depends on their length of residence in the area, with long-time residents typically practicing diversified subsistence strategies that have less of an adverse environmental impact than the commercial agriculture typically practiced by immigrants from central and northern México who moved to the region during the agrarian reform of 1994 (Chowdhury 2010 , Gurri 2010 (Bray et al. 2004) . A more localized analysis of land cover change in Senor, communally held (ejido) lands in central Quintana Roo, between 1976 and 1997 showed a shift in landscape from one dominated by heterogeneous tracts of land in different successional stages, including mature forest, to one consisting almost exclusively of young fallows (Dalle et al. 2011) .
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There are various regional and local factors associated with the land cover change in Quintana Roo. Predicted increases in forest cover were linked to the incorporation of ecotourism activities by the Yucatec Maya in the northeastern Yucatán Peninsula as the result of increased global environmentalism (Garcia-Frapolli et al. 2007 ). Additionally, neoliberal agricultural reforms have negatively affected traditional agriculture, while neoliberal tourism development has privileged working in the tourism sector as a more viable livelihood strategy (Carte et al. 2010) . Policies leading to the establishment of large common property forests for non-timber forest product extraction and institutions to manage these forests sustainably are critical in maintaining existing forest cover (Bray et al. 2004) . Increases in deforestation in the region may be due to agricultural expansion and intensification as a result of the implementation of a community forestry program in 1984 (Plan Piloto Forestal), in-migration, increase in wage labor and off-farm activities, changes in agricultural policies, and the increase of non-ejiditarios (Dalle et al. 2011) .
Only a few studies of land use/land cover change have occurred in the state of Yucatán, the third and northern most state comprising the peninsula by the same name. Sohn et al. (1999) (Hartter et al. 2008) . Information from landholders suggested that agricultural intensification practices may have played a role in this shift. Wyman et al. (2007) also identified government-sponsored agriculture assistance, along with better soil quality, as important factors in larger forest clearings in Tzucacab compared to its neighboring municipality of Peto in the southern cone of the state of Yucatán.
Site Selection
Tzucacab, Oxkutzcab, and Peto, three municipalities in the southern cone of Yucatán State, México, were selected to carry out this study not only because several drivers associated with forest transition are impacting land use in this region, but also because carrying out research in this region allows us to better understand three gaps in land use and land cover change and conservation research. The first gap is the lack of attention given to the drivers of reforestation. Most land use and land cover change research has been directed towards understanding deforestation and associated drivers while ignoring regrowth and its drivers or assuming the process to be the reverse of deforestation (Aide & Grau 2004) . In this study we identify increases in forest cover and provide plausible explanations for this change.
A preference by scientists for carrying out ecologically related research in unpopulated areas has resulted in a void in understanding of how changes in forest cover occur in anthropogenic landscapes (Hecht 2010) . The state of Yucatán is a particularly good place to start to fill this second gap because, in addition to the practice of slash and burn agriculture for the last 3,000 years by the Maya (McKillop 2004) , it is also the most populous of the three states in the peninsula and it has the least land area designated for protection from human impact (CONANP 2011 , INEGI 2011 , SEDUMA 2011 
Methods
The overarching goal for this study was to link changes in land cover based on satellite imagery to interview and census data to determine potential drivers of land cover change in the municipalities of Tzucacab, Peto, and Oxkutzcab, in the state of Yucatán, México. Our specific objectives were: 1. Detect change in vegetation cover in the municipalities of Tzucacab, Peto, and Oxkutzcab on satellite imagery over the period of 1988-2003. 2. Compare change patterns across the three municipalities. 3. Identify potential drivers of forest change from census and interview data. 4. Relate potential drivers to patterns of change in forest cover.
The utilization of a combination of methods is increasingly common in studies of the drivers of landscape change because of its effectiveness at illuminating the complex reasons why changes in forest cover occur (Walsh et al. 2008) . We have used this approach here with the intent of uncovering preliminary, but plausible, explanations for landscape change in this region that can be further explored in more extensive studies.
A multi-temporal multi-spectral dataset consisting of Landsat imagery from 1988, 1994, and 2003 was used to measure change in forest cover. These particular time points were selected because they were the highest quality images available during the time when neoliberal policies, a potential driver of change, were first implemented and subsequently incorporated into the daily lives of the Yucatecans. Image preprocessing procedures were conducted on all images to correct for sensor drift and atmospheric differences, thereby decreasing the chance of identifying change at the sensor level rather than on the earth's surface. An unsupervised classification process, where the images are processed based solely on image statistics, was used to identify forest and agricultural areas within the landscape. Differentiation between agricultural types was not done, as field observations indicated that with regard to the continuous analysis of land cover (discussed below) aggregation of agricultural types would be appropriate. These two land cover classes were focused on as opposed to characterizing change across all possible land covers within the study area, since much of the deforestation in the Yucatán peninsula follows primarily from agricultural expansion .
The unsupervised classification was validated with field observations of land cover collected using the CIPEC protocol . The protocol requires users to record GPS location of observations, and observations consist of: topographical information, land cover type, vegetation structure, species presence, and land history.
Changes in land cover within the areas identified as forest and agriculture by the unsupervised classification were assessed using a continuous remote sensing methodology -Normalized Difference Vegetation Index (NDVI). NDVI enables a continuous measure of landscape change reducing the simplification of land cover dynamics and ensuring that changes within land cover classes (i.e., within forest or within agriculture) can be detected. NDVI is a comparative ratio index which relies upon measures of near infrared and red energy (NIR -red/ NIR + red). A change threshold of 20% was identified as a suitable filter to limit the inclusion of small fluctuations in NDVI in the land cover change analysis, and ensure that only major changes and broad landscape trends were highlighted. We assessed both decreases and increases in NDVI, allowing both deforestation and re-growth to be recognized. The change detection analysis was repeated for each municipality.
Census data were included in this study to provide a general overview of the socioeconomic conditions of the study area, detect changes in patterns over time, and determine plausible links between these changes and changes identified in the land cover analysis. During March 2005 we visited the Instituto Nacional de Estadística y Geografía (INEGI) office in Mérida, Yucatán and acquired all the available information from the 1980, 1990, and 2000 Mexican national censuses for the three municipalities of interest. We selected those three censuses because they covered approximately the same time period as the satellite imagery. We choose to focus our analysis on population dynamics and economic activities because changes in these two areas are frequently associated with changes in livelihoods and land use choices, which are in turn manifested in land cover changes and are detectable using satellite imagery (Wood & Skole 1998) . In each of these areas we selected key indicators and calculated growth ratios and distribution indexes to measure change temporarily and make comparisons across municipalities. In regards to population dynamics we focused our analysis specifically on changes in population growth rates, mobility, and the concentration of people in urban centers across time in each municipality. We created age structure pyramids to identify out-migration patterns. Our analysis of economic activities measured change in the prevalence of the working population among different economic sectors.
During one week in March 2005 we carried out key informant interviews in the cities of Oxkutzcab, Peto and Tzucacab, the capitals of the municipalities by the same name. The overarching purpose of the interviews was to garner an initial understanding of the production and consumption patterns of agricultural goods. Using semistructured interviews which included a mix of closed and open ended questions, we interviewed two types of key informants, municipality officials in charge of monitoring agricultural practices/economic activities and venders of agricultural products in the municipal markets. The questions for the informants were focused on what agricultural products from their municipality are produced for sale as opposed to household consumption and the origin of the agricultural products they were selling. Opportunistic sampling was used to identify informants. Based on the number of informants available and the limited time we were able to dedicate to collecting data, we interviewed a government official in each municipality and two market sellers in Tzucacab and three in Peto and Oxkutzcab each. The key informant interviews were designed to further our understanding of local integration into the global marketplace with a particular emphasis on agricultural production because of its implications for impacting land use decisions, which in turn have the potential to impact land cover.
Results

Remote sensing analysis
The land cover change analysis allowed for detection of land cover trends in the southern cone of Yucatán State and in the municipalities of Tzucacab, Peto, and Oxkutzcab between the period of 1988 and 2003 (Figure 1 ). The use of a change threshold of 20% enables the identification of more obvious changes and general trends across the landscape which is the main focus of this work, however, it limits the assessment of the impact of land uses (e.g., selective logging) which result in more subtle understand forest transitions in the state of Yucatan, Mexico www.ethnobotanyjournal.org/vol10/i1547-3465-10-001.pdf 5 through 2003), and changes in land cover were compared within each municipality. Lastly, the land cover change findings are compared with the census and key information interviews to determine if there are any associations.
One limitation associated with the use of Landsat data is the temporal availability of high quality imagery during the time period of interest. Due to the static nature of the dataset, the analysis highlights changes that occurred at the temporal resolution of the dataset and is unable to account for changes at shorter time intervals. The lack of knowledge of the status of the landscape during the intervening time periods is a limitation associated with most remote sensing analyses. Nonetheless, the analysis is able to capture consist trends in land cover across the three municipalities. land cover changes such as forest alterations as opposed to deforestation. Accompanying the 15 year land cover change analysis, we examined change at each time interval (1988 ( through 1994 ( and 1994 ( Between 1988 , an increase in NDVI was measured across 14% of the entire study area suggesting that vegetation regrowth occurred there (Table 1) . This is contrasted with only 3% of the area losing forest cover as measured by decreases in NDVI values. Slightly more than a third (35%) of the study area experienced change below the 20% threshold, possibly indicating small alterations to forest cover occurred in that portion of the study region. Almost half (48%) of the land area experienced no change. 1988-2003, 1988-1994, 1994-2003) . (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) a decrease in NDVI value in less than 1% of the total area of Oxkutzcab was exhibited, an increase in NDVI value in 33% of the area occurred and over half (58%) of the land remained unchanged in vegetation cover.
Municipality
Census data
The population throughout the entire study area grew from 1980 to 2000 (Figure 2 ). Tzucacab's population increased from 8,184 people (1980) to 11,108 (1990) to 12,577 (2000) . By 2000 the population density in the municipality was 9.75 people per square kilometer. Peto had 15,159 (1980), 19,227 (1990), and 21,284 (2000) people living in the municipality. The number of inhabitants in Peto throughout the study period was greater than Tzucacab although the population density of 6.79 people/km 2 per square kilometer in 2000 was less than in Tzucacab because Peto's territory is larger. Oxkutzcab was the municipality with the greatest number of inhabitants with 13,281 (1980), 21,639 (1990), and 25,483 (2000) .It also had the greatest population density with 49.75 people/km 2 (2000).
The most striking feature of population dynamics in the study area was the decline in the growth rates in all of the municipalities during the period between 1990 and 2000 as compared to the prior decade (Table 2 ). Tzucacab's population growth was 36% between 1980 and 1990 then dropped to 13% during the next decade. Peto had less growth than Tzucacab with 27% from 1980 to 1990 and 11% from 1990 and 2000. Oxkutzcab had the greatest growth between 1980 and 1990 (63%) and in the latter decade the population growth reduced to 18%. Another population trend in all three municipalities was a higher concentration of people in the three municipal capitals during the earlier decade (78%) as compared to the latter decade (66%). In addition, the age pyramids indicate that the greatest percentage of people in each municipality were under the age of 20 in 2000, with a sharp decline in the percentage of people between the ages of 20 and 40 and a much more gentle decline from age 40 and up. Although this pattern is present in all the municipalities during the entire study period, it is most clear in Peto in 2000 (Figure 3 ).
The economic activities in the three municipalities varied to some extent. In 2000 the least populated municipality, Tzucacab, was the most dependent of the three municipalities on agriculture (51% of the laborers in the municipality were employed in this sector) with only 31% of the employment in the service sector (Figure 4) . Peto, the municipality that was intermediately populated, relied on agriculture (43%) for most of the jobs followed closely by the service sector (35%). Oxkutzcab had the largest service sector (44%) of the municipalities, including mainly commerce and tourism. The agriculture sector provided 40% of the jobs in the municipality. The importance of manufacturing as a source of work was approximately equal across the three municipalities; 10%, 10% and 8% in Tzucacab, Peto, and Oxkutzcab, respectively. The remaining jobs were placed in the other category.
Key informant interviews
Although the three municipalities are near one another, land tenure and agricultural production were quite distinct. In Tzucacab 58% of the land was privately owned and 42% was ejido land, which is land owned communally by the members of the ejido. This municipality had the least amount of land in commercial production (20% of the total land area) as compared to the other municipalities. The rest of the land was devoted to subsistence farming. Almost as much land was in pasture (1,000 hectares) in Tzucacab as was in agricultural production (1,250 hectares).
In the 1980s agricultural producers in Tzucacab primarily grew corn, beans, tomatoes, watermelon, jalapeno peppers, and jicama. The ranchers primarily bred cattle and pigs. They also produced poultry and eggs for internal consumption with the excess sold to other municipalities, principally Peto and Tekax (SEGOB 1988) . Based on the market vender interviews the major agricultural products in Tzucacab in 2005 had shifted to honey, lemons, and oranges; lemons were sold locally, whereas honey and oranges were exported. Most of the commerce in this town was focused on basic necessities. The only tourism in the municipality was the archaeological site Ek Balam, of the same name as the far better known site on the far eastern side of the state of Yucatán.
The vast majority (90%) of Peto's land was designated ejido land and only 10% was privately owned (10%). A quarter of the land in this municipality was devoted to commercial production and the other three-quarters to subsistence agriculture. In contrast to Tzucacab, much more of the land in Peto was in agricultural production (60%) than pasture (8%).
The major crops grown in the municipality of Peto during the 1980s were corn, beans, and watermelon (SEGOB 1988) . Also ranchers produced cattle, pigs, and poultry. During that time livestock producers received subsidies from Banco Rural (an organization that provided loans to agricultural producers), insurance from the Aseguradora Nacional Agrícola Ganadera (ANAGSA) and production advice from the Secretaria de Agricultura y Recursos Hidraulicos (SARH). The removal of these services during the neoliberal period likely led to a reduction in livestock production and explains the low percentage of land dedicated to animals in 2005. Shoe and clothing manufacturing also occurred in the municipality in the 1980s (SEGOB 1988) . Key informants reported that from 1995 through 2005 Peto increased its production of habanero peppers for export. Beans, corn, and string beans were also exported from the municipality. Achiote, habanero peppers, cilantro, lettuce, oranges, squash, tomatoes, and radishes were produced in the municipality and sold in the municipal farmer's market. There were a few hotels in the city of Peto but otherwise there was no tourism infrastructure. The commercial sector was dominated by grocery stores with prepackaged foods.
Oxkutzcab, like Peto, also had a large amount of land in ejido (89%), only a small percentage was privately owned (2%) and 9% of the land was owned by agricultural unions. A large portion of the total land in Oxkutzcab was used for commercial production (80%) with the remaining 20% farmed for home consumption. In Oxkutzcab none of the land was in pasture and the rest of the land in production was in agriculture (60%). Oxkutzcab has experienced burgeoning labor relationships brought on by globalization through a large increase in Agricultural Unions over the last ten years. In 2005 there were 70 Unions with about 40 people per organization, which was about 2,800 people participating in total. Greater organization of the farmers has resulted in more extensive linkages to national and international markets and impacted what the farmer's choose to produce on their lands.
During the 1980s corn, beans, watermelon, and tomatoes were grown in the municipality of Oxkutzcab (SEGOB 1988) . Ranchers produced poultry, bees, bovine cows, pigs, and goats and received the same subsidies, insurance, and production advice as those from Peto. Similar to Peto, the complete lack of land in livestock production in 2005 suggests that the removal of government support led to a shift in agricultural production from livestock to other areas. Commerce has expanded beyond basic necessities in the county seat (SEGOB 1988) . Interviews with key informants in 2005 revealed that farmers in Oxkutzcab were becoming large producers of oranges for export. In addition, they exported beans, honey, and the mamey fruit. Avocados, habanero peppers, cucumbers, lemons, mangos, squash, and tomatoes were all locally grown and sold at the municipal farmer's market. Tourism was a bit more prominent in this municipality in comparison to Tzucacab and Peto. There were tourist establishments set up in the city of Oxkutzcab and there were The interviews with venders revealed that in Tzucacab only 4% of the produce sold by the interviewed venders was grown within the municipality (Table 3) . Peto had the largest amount of locally grown produce with half of the produce sold by the venders interviewed originating in the municipality. While approximately a quarter (24%) of the produce sold in Oxkutzcab was locally grown. Table 3 . Quantity of agricultural products sold in each municipality (Oxkutzcab, Peto, and Tzucacab, Yucatán, México) and the percentage of those agricultural products sold that were produced locally.
Local Agricultural Products
Municipality
# Sold % Produced
Tzucacab 25 4
Peto 18 50
Oxkutzcab 29 24
The venders described the system of distribution, which allowed them to sell produce from around the world. All of the venders in Tzucacab and Peto explained that they receive their non-locally grown produce from Oxkutzcab which was the produce distribution center for southern Yucatán State. The venders in Oxkutzcab told us that they receive their non-local produce from México City. The distribution center in México City received produce from all over México and others parts of the world. For example, much of the produce that requires cooler temperatures to grow, such as grapes and apples, were from Chile or the United States. The venders explained that the produce was transported from the market centers to the smaller towns across México by an intermediary. The venders bought the produce from the intermediary and then they sold it in the market. One vender from Peto explained that this system of produce distribution began around 1992 as a result of a federal government neoliberal project. Before this project was implemented people were producing and selling locally.
Discussion and Conclusions
In comparing the results from the remote sensing analysis of the three municipalities some general trends emerge.
Overall the pattern of change shows a period of deforestation in Tzucacab and Peto between 1988 and 1994 . From 1994 to 2003 a period of reforestation occurs in all three municipalities. Over the entire study period Oxkutzcab net increase in forest cover was much greater than the other two municipalities. This general trend is similar to that found in other areas of Peto and in the Calakmul region of Campeche (Hartter et al. 2008 , Rueda 2010 .
Although the population grew throughout the entire study area from 1980 through 1990, there was a decline in the population growth rate during the 1990s. Tzucacab and Peto experienced a reduction in growth rates by over half and Oxkutzcab experienced the greatest reduction with its growth rate slowing to one-third of the previous decade. The high growth rates during the 1980s and the subsequent decline in the 1990s can at least be partially explained by high rates of migration from the rural areas to municipal centers during the 1980s and then from municipal seats to national and international urban centers during the 1990s, as indicated by the higher concentration of people in the regional urban centers during the earlier decade as compared to the latter. The age pyramids from 2000 also indicated that there was an out-migration during the 1990s because of the reduced presence of 20 to 40 year olds, which is the age range when people are most physically able to be productive in manual labor positions (Siegel & Swanson 2004 ).
According to the key informants in each municipality, many of their youth were leaving for jobs in construction for tourism in Cancun or moving to cities, like Merida, and to the United States to seek out work in the construction or service industries. Migration to San Francisco, California was so common in Oxkutzcab that the town's people paid tribute to the city by painting a mural of the Golden Gate Bridge, a common San Francisco icon, in the town square. The officials explained that migration of the youth resulted in a paucity of people to work the land in all of their municipalities. Oxkutzcab was the only place that was experiencing any in-migration, but none of it was related to agriculture. Out-migration was also linked to a reduction in area under cultivation in the Calakmul region (Busch & Geoghegan 2010 , Radel, et al. 2010 , Schmook & Radel 2008 . The 2000 census data showed that the service sector is the most important source of employment in Oxkutzcab whereas agriculture continued to provide the main source of livelihood for people in Peto and especially Tzucacab.
The interviews with produce venders in the southern cone of the state of Yucatán exposed the large degree with which these communities in the southern Yucatán are economically connected both regionally and globally. Venders in Tzucacab, the municipality with the lowest percentage of land in commercial agricultural production and the greatest percentage of land dedicated to subsistence farming and raising cattle, were selling the least amount of locally grown produce. A greater percentage of land in Peto was devoted to both commercial and subsistence agriculture than Tzucacab and produce venders were selling the greatest amount of produce grown in the same municipality as compared to the other two municipalities. Oxkutzcab was dominated by commercial agriculture production with no evidence of cattle ranching and an intermediary amount of locally grown produce was sold there. A complex pattern of livelihood strategies also occurs in the southern region of the Yucatán Peninsula, including subsistence maize, commercial chili cultivation, wage labor, pasture production, and conservation land uses such as harvest of non-timber forest products (Chowdhury 2010 , Dalle et al. 2011 . The hierarchical system of distribution that was implemented in the southern cone of the state of Yucatán as a result of a neoliberal federal policy also reveals the connections between local markets and global agricultural production, as does the increase in commercial chili pepper production in Campeche (Keys 2004 , Klepeis & Vance 2003 .
The findings from the census and interview data point to neoliberal government policies as an important driver of land cover change in the southern cone of the state of Yucatán. Neoliberal policies likely led to a reduction in the amount of land under production by ending programs that favored land extensive cattle ranching in Peto and Oxkutzcab and creating a market distribution system that restructured the flow of goods and favored intensive commercial production of agricultural products. In this new market system Oxkutzcab became the regional market center and governed the commercial flow of goods in the southern State of Yucatán. This position has allowed Oxkutzcab to develop an economy based heavily on services and intensive commercial agriculture production. In contrast, Tzucacab and Peto remain more reliant on land extensive subsistence agriculture. The impact of these choices on land cover is apparent from the differences in land cover change between municipalities. From 1988 through 2003 Oxkutzcab experienced a much greater area of increase in vegetation cover across the municipality as compared with Tzucacab and Peto. This can be partially explained by the greater degree of out-migration that was experienced in Oxkutzcab, but it is also explained by the rapid modernization Oxkutzcab has undergone as a result of neoliberal policies.
Neoliberal policies have also reduced government support for traditional agricultural practices and decreasing the price of surplus corn, which have led to increased household economic pressures (Robson 2010) . These changes have occurred in conjunction with increasing offfarm economic opportunities in urban centers throughout the peninsula and abroad. The result is a push-pull effect that encourages rural people to abandon their traditional agricultural practices and their communities to seek employment in urban centers. This process has occurred all across the Yucatán Peninsula (Carte et al. 2010 , Chowdhury 2010 and is likely another important driver of forest transition in this region. The informants reported that outmigration has resulted in lack of laborers to work in the local agricultural plots, which has led to land abandonment. Land abandonment over time results in the regrowth of forest (Poyatos et al. 2004) , as was seen in our land cover change analysis which indicated increases in forest cover as measured by NDVI during the latter half of the study time period in the three municipalities.
Increases in forest cover are generally considered a desirable outcome in conservation because of the association with increases in a range of ecosystem services however, when forest cover increases occur as a result of out-migration or the unintended consequences of government policies as opposed to sustainable management plans, the societal risks potentially outweigh the benefits of increased forest cover. For example, greater dependence on external food sources may lead to food insecurity if these sources become unreliable. More dependence on wage labor, if these sources are unreliable, may also lead to greater overall household insecurity. Out-migration has the negative consequence of splitting up the family and reducing the social support available for its members. Community institutions struggle to remain operational (Robson & Berkes 2011a) . Greater dependence on low labor, but high chemical input agricultural practices, has negative health consequences through direct exposure to the chemicals and the potential contamination of the water supply. Decreases in biodiversity can also occur through afforestation because they lead to a reduction in traditional agricultural practices that resulted in a "high biodiversity forest-agriculture mosaic" (Robson & Berkes 2011b) . At a broader scale out migration shrinks the workage population of the sending community and potentially leads to increases in spatial disparities in development (de Haas 2010).
The identification of regrowth between 1994 and 2003 is an interesting finding, however, the analysis presented here simply provides an initial assessment of the linkages between vegetation change patterns and globalization related drivers and as such further research is required to expand upon the relationships proposed here. The change detected in the study had to be greater than the pre-defined threshold, allowing small yet possibly important changes to go undetected. Finally, these findings can be improved by better matching the satellite imagery with the census data and interviews and by increasing the breadth and depth of the qualitative interviews. Despite these shortcomings, this study provides a useful example of the value in triangulating multiple types of data collection and data analysis to create a more holistic view of land cover change and as an aid in identifying both proximate and distant driving factors. Additionally, the use of an interdisciplinary approach to assess land cover change validated by fieldwork enhances and cross validates the individual analyses.
This study provides an initial examination of the complex dynamics among government policies, land cover and rural communities. Future multi-disciplinary collaborative research in the form of longitudinal studies is needed to assess in greater detail the local and regional impact of government policies on forest composition, land use, and the well-being of rural dwellers over time. Specific extensions to this research may include assessing the following questions: How do varying agricultural practices (i.e., ranching vs. farming, subsistence vs. commercial production) influence changes in landscape patterns? How are the risks associated with changes brought on by neoliberal policies impacting rural dwellers and their livelihood decisions? How are changes in land use impacting biodiversity? Are shifts from more traditional agricultural practices to commercialized practices leading to a loss in valuable germplasm? Research addressing such questions and explicitly incorporating methods and analyses that aims to examine the linkages between policy, landscape dynamics, and rural living is imperative to the design of policies at all scales which explicitly foster improvements in the well-being of rural dwellers and the environment within which they live.
